SEMICONDUCTOR DEVICE 



CROSS REFERENCE TO REIATED APPLICATION 
This application claims benefit of priority under 35 
U.S.C. §119 to Japanese Patent Application No. 2003-322014, filed 
on September 12 , 2003 , the entire contents of which are incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a junction termination 
structure of a semiconductor device such as a diode, a MOSFET, 
an IGBT, a thyristor, and a transistor. 

Related Background Art 

Fig . 11 is a plane diagram showing the structure of a related 
semiconductor device, taking a power diode having high-breakdown 
voltage as an example. Fig. 12 is a cross sectional diagram taken 
along the A- A 1 line in the plane diagram in Fig. 11. As is seen 
in Fig. 11 and Fig. 12, this semiconductor device includes an 
N-type base region 1 , a P-type base region 2 , an N-type cathode 
region 3, an anode electrode 4, a cathode electrode 5, P-type 
ring regions 8 , andanN-type stopper region 6 . A stopper electrode 

7 is further formed on a major surface of the stopper region 6. 
An insulation film 10 is formed on a major surface of the base 
region 1 between the stopper electrode 7 and the anode electrode 
4 . This insulation film 10 is not formed on the ring regions 8 N 
but gaps are formed on the ring regions 8, and ring electrodes 
9 are formed to fill these gaps. 

The N-type base region 1, the P-type base region 2, the 
N-type cathode region 3, the anode electrode 4, and the cathode 
electrode 5 constitute a diode portion , and the P-type ring regions 

8 and theN- type stopper region 6 constitute a junction termination 
relaxing portion. Note that Fig. 11 shows the plane diagram in 
which the anode electrode 4, the ring electrode 9, the insulation 
film 10, and the stopper electrode 7 are omitted. 
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Further, as a semiconductor device of a 
high-breakdown-voltage planar P-i-N diode, the structure shown 
in Fig. 21 is well known. As shown in Fig. 21, the semiconductor 
device includes an N" base region 101, an N* cathode region 102, 
5 a P anode region 103, a guard ring 104, field limiting rings 105, 
a channel stopper 106, a cathode electrode 107, and an anode 
electrode 108. Further, an insulation film 211 is formed on a 
termination region 110 surrounding the guard ring 104, and an 
electrode 109 is formed on the channel stopper 106. 
10 when a voltage is applied between the anode electrode 108 

and the cathode electrode 107 so as to reverse-bias a pn- junction 
formed by the N" base region 101 and the P anode region 103, a 
depletion region expands in the N~ base region 101 from this 
pn- junction toward the cathode electrode 107. The depletion 
15 region also expands from the guard ring 104 at the same time, 
but when the depletion region reaches the field limiting ring 
105a, a potential of the field limiting ring 105a is fixed at 
a value at this instant, and the depletion region starts to expand 
from the field limiting ring 105a. Thus , potentials of the field 
2 o limiting rings 105 are subsequently fixed and the depletion region 
expands from the field limiting rings 105, thereby relaxing an 
electric field strength in an edge portion of the guard ring 104 , 
so that a high breakdown voltage is obtainable. Therefore, with 
the increase in breakdown voltage , the number of the field limiting 
25 rings 105 needs to be increased. 

Fig. 22 shows the electric field right under the insulation 
film 211 when the pn-junction formed by the N" base region 101 
and the P anode region 103 is reverse-biased. The sum of areas 
of the portions indicated by hatching in Fig. 22 is a reverse 

30 bias voltage. 

In the semiconductor device shown in Fig. 11 and Fig. 12, 
a high breakdown voltage is obtained by the optimum design (layout) 
of the P-type ring regions 8, but in this method, as an applied 
voltage becomes higher, the number of the P-type ring regions 

35 8alsoneeds to be increased, which has posed a problem of difficulty 
in optimum design. Generally, the potentials of the P-type ring 



regions 8 are not fixed, and when a high voltage is applied, the 
design for uniformly dispersing the electric field, namely, the 
design of the number of the P-type ring regions 8 and the intervals 
therebetween is more difficult for a higher-breakdown-voltage 
product. For example, when 1000 V is applied to the stopper 
electrode 7 and the cathode electrode 5 and 0 V is applied to 
the anode electrode 4 , this 1000 V voltage is divided among the 
P-type ring regions 8 in order to maintain the breakdown voltage 
between the stopper electrode 7 and the anode electrode 4, but 
it is difficult to specify a numerical value of the voltage of 
each of the P-type ring regions 8, which makes the design of the 
breakdown voltage extremely difficult. 

In addition, even when appropriate design is achieved, there 
still remains such a problem that, if an interface state due to 
heavy metal contamination and so on is generated on an interface 
between the surface insulation film 10 and the N-type base region 
1, the optimum conditions are not satisfied. Therefore, such a 
semiconductor device also confronts a problem of being susceptible 
to a disturbance in a fabrication process. 

Further, the semiconductor device shown in Fig. 21 has such 
a problem that, as is seen from Fig. 22, the electric field is 
not generated in the field limiting rings 105 since they themselves 
are not depleted, which necessitates increasing the length of 
a termination region (termination length) in order to attain a 
predetermined breakdown voltage. Therefore, the semiconductor 
device shown in Fig. 21 has such a problem that, since the number 
of the field limiting rings 105 has to be increased in order to 
attain a high breakdown voltage, a termination length L becomes 
longer as the breakdown voltage becomes higher, so that the area 
of the P anode region 103 serving as an actual current path becomes 
smaller even with the same chip area, which worsens a on-state 
characteristic . 

SUMMARY OF THE INVENTION 
In order to accomplish the aforementioned and other objects , 
according to one aspect of the present invention, a semiconductor 
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device comprises: 

a first base region which is of a first conductivity type; 
a second base region which is of a second conductivity type 
and which is selectively formed on a major surface of the first 
base region; 

a stopper region which is of a first conductivity type and 
which is formed on the major surface of the first base region, 
the stopper region being a predetermined distance away from the 
second base region and surrounding the second base region; and 
a ring region which is of a second conductivity type which 
is formed on the major surface of the first base region between 
the second base region and the stopper region, the ring region 
being spirally around the second base region and electrically 
connected to the second base region and the stopper region. 
15 According to another aspect of the present invention, a 

semiconductor device comprises: 

a base region which is of a first conductivity type; 
an anode region which is of a second conductivity type and 
which is selectively formed on a major surface of the base region; 
20 a surf ace protective f ilmwhich is formed on thema jor surface 

of the base region; 

a conductive field plate which is formed in a circular ring 
shape on the surface protective film to surround the anode region; 
and 

25 an auxiliary electrode which is formed in the surface 

protective film and electrically connected to the field plate, 
a capacitance being formed between the auxiliary electrode and 
the base region. 

According to another aspect of the present invention, a 

30 semiconductor device comprises: 

a base region which is of a first conductivity type; 

an anode region which is of a second conductivity type and 
which is selectively formed on a major surface of the base region; 
and 

35 a ring region which is of a second conductivity type and 

which is formed in a circular ring shape on the major surface 
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of the base region to surround the anode region, the ring region 
having an irtpurity concentration lower than the anode region. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig . 1 is a plane diagram of a semiconductor device according 

to a first embodiment; 

Fig. 2 is a cross sectional diagram taken along the B-B f 
line in the semiconductor device in Fig. 1; 

Fig . 3 is a plane diagram of a semiconductor device according 
10 to a second embodiment; 

Fig. 4 is a plane diagram showing a modification example 
of the semiconductor device according to the second embodiment; 

Fig . 5 is a cross sectional diagram of a semiconductor device 
according to a third embodiment; 
15 Fig . 6 is a cross sectional diagram of a semiconductor device 

according to a fourth embodiment; 

Fig . 7 is a plane diagram of a semiconductor device according 
to a fifth embodiment; 

Fig. 8 is a cross sectional diagram taken along the C-C f 
2 0 line in the semiconductor device in Fig. 7; 

Fig. 9 is a cross sectional diagram taken along the D-D f 
line in the semiconductor device in Fig. 7; 

Fig . 10 is a plane diagram of a semiconductor device according 
to a sixth embodiment; 
25 Fig . 11 is aplane diagram of a related semiconductor device ; 

Fig. 12 is a cross sectional diagram taken along the A-A' 
line in the semiconductor device in Fig. 11; 

Fig. 13 is a cross sectional diagram of a semiconductor 
device according to a seventh embodiment; 
30 Fig. 14 is a plane diagram of the semiconductor device in 

Fig. 13; 

Fig. 15 is a chart showing electric field distribution right 
under an insulation film in the semiconductor device in Fig. 13; 

Fig. 16 is a cross sectional diagram of a semiconductor 
35 device according to an eighth embodiment; 

Fig. 17 is a chart showing electric field distribution right 



under an insulation film in the semiconductor device in Fig. 16; 

Fig. 18 is a diagram showing a modification example of the 
semi conductor device according to the eighth embodiment; 

Fig. 19 is a cross sectional diagram of a semiconductor 
device according to a ninth embodiment; 

Fig. 20 is a diagram showing a modification example of the 
semiconductor device according to the ninth embodiment; 

Fig 21 is a cross sectional diagram of a related 
semiconductor device; and 

Fig. 22 is a chart showing electric field distribution right 
under an insulation film in the semiconductor device in Fig . 21 . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention will be 
explainedbasedon the drawings . In the embodiments to be described 
below, an N-type is defined as a first conductivity type and a 
P-type is defined as a second conductivity type, but they may 
be defined in a reverse manner. Further, the same reference 
numerals and symbols are used to designate portions corresponding 
0 to those in the semiconductor device shown in Fig. 11 and Fig. 
12 and detailed explanation thereof will be omitted. 

[First Embodiment] 

Fig . 1 is a plane diagram of a semiconductor device according 
25 to a first embodiment and is a diagram corresponding to Fig. 11 
discussed above. Fig. 2 is a cross sectional diagram taken along 
the B-B' line in Fig. 1 and is a diagram corresponding to Fig. 
12 discussed above. The semiconductor device shown in Fig. 1 and 
Fig. 2 is different from the semiconductor device shown in Fig. 
30 11 and Fig. 12 in that a P-type ring region 8 is formed as one 
spiral line connected to a P-type base region 2 and an N-type 
stopper region 6. 

Specifically, as shown in Fig. 1 and Fig. 2, the N-type 
stopper region 6 is formed along an outer periphery of the N-type 
35 base region 1 on a major surface side thereof . The P-type base 
region 2 is formed in a center portion of the N-type base region 
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1 on the major surface side thereof. The P-type ring region 8 
is spirally formed around the P-type base region 2 on the major 
surface of the N-type base region 1 between the N-type stopper 
region 6 and the P-type base region 2. One end of this P-type 
5 ring region 8 is electrically connected to the N-type stopper 
region 6 via a connecting portion CI, and the other end of the 
P-type ring region 8 is electrically connected to the P-type base 
region 2 via a connecting portion C2 . 

In the semiconductor device shown in Fig. 1 and Fig. 2, 
10 when a high voltage is applied to the N-type stopper region 6, 
a current according to a diffused layer resistance flows through 
the P-type ring region 8. For example, when 1000 V is applied 
to the N-type stopper region 6 and 0 V is applied to the P-type 
base region 2, a current flows through the P-type ring region 
15 8 based on this 1000 V potential difference. Therefore, the 
potential of the P-type ring region 8 becomes higher from a P-type 
base region 2 side toward an N-type stopper region 6 side. This 
means that the adjustment of the diffused layer resistance in 
one circle of the P-type ring region 8 makes it possible to fix 
2 0 a difference in potential from an ad j acent circumferential portion 
of the P-type ring region 8, which allows uniform dispersion of 
electric field distribution. This can prevent the influence of 
a disturbance caused by the generation of an interface state. 

The diffused layer resistance of the P-type ring region 
25 8 has temperature dependency. Therefore, the increase in 
terrperature lowers mobility due to lattice scattering to increase 
resistance, resulting in the reduction in a leak current which 
is a current flowing through the P-type ring region 8 . Therefore , 
a problem of thermal runaway breakdown caused by the leak current, 
30 which has hitherto been an issue to be solved, can be overcome. 

Note that it is considered to be necessary that a resistance 
value of the entire P-type ring region 8 satisfies the following 
relationship from a viewpoint of preventing the P-type ring region 
8 from generating heat due to the leak current Iieak flowing from 
35 the N-type stopper region 6 to the P-type base region 2 and from 
causing thermal runaway due to this generated heat. 
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Vm/Rrlng < I leak = 1 (mA/cm 2 ) — (1) 

Here, Vbd represents the breakdovm voltage (V) of this 
semiconductor device and R rin g represents the resistance value (R) 
of the entire P- type ring region 8 . 1 1 i s expected that the thermal 
runaway can be avoided by such a design that the leak current 
I leak flowing through the P-type ring region 8 is equal to or lower 
than 1 mA per 1 cm 2 element area. 

[Second Embodiment] 

Fig . 3 is a plane diagram of a semiconductor device according 
to a second embodiment and is a diagram corresponding to Fig. 
1 in the first embodiment. Fig. 1 shows such a structure that 
onepieceof the P-type ring region8 is extended, but this structure 
lacks pattern symmetry in a plane view, which may possibly cause 
the concentration of an electric field in an imbalancedly arranged 
region . Therefore , in this embodiment , two pieces of P-type ring 
regions 8a, 8b are disposed in parallel as shown in Fig. 3 to 
solve the planar imbalance. 

Specifically, one end of the first P-type ring region 8a 
is connected to an N-type stopper region 6 via a connecting portion 
CI and the other end of the first P-type ring region 8a is connected 
to a P-type base region 2 via a connecting portion C2 . One end 
of the second P-type ring region 8b is connected to the N-type 
stopper region 6 via a connecting portion C3 and the other end 
of the P-type ring region 8b is connected to the P-type base region 
2 via a connecting portion C4 . 

Fig. 4 is a diagram showing a modification example of the 
second embodiment. As is seen from Fig. 4, the example in Fig. 
4 is so structured that four pieces of P-type ring regions 8a 
to 8d are spirally formed in parallel to prevent the concentration 
of the electric field. Such formation of the plural pieces of 
P-type ring regions 8 realizes the planar symmetry, so that 
nonuniform distribution of the electric field can be solved. 
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[Third Embodiment] 

Fig. 5 is a cross sectional diagram of a semiconductor device 
according to a third embodiment and is a diagram corresponding 
to Fig. 2 in the first embodiment. In the above-described first 
embodiment, the adjustment of the diffused layer resistance of 
the P-type ring region 8 is described as a method for realizing 
the uniform dispersion of the electric field, but in this method, 
it is necessary that potential differences between adjacent 
circumferential portions of the P-type ring region 8 are equal 
to one another . In the spiral arrangement of the P-type ring region 
8, however, as the P-type ring region 8 gets closer to an outer 
circumferential side (N-type stopper region 6 side) , the wiring 
length becomes longer, so that the diffused layer resistance of 
the P-type ring region 8 is increased, which causes a large potential 

15 difference. 

Therefore, in this embodiment, the semiconductor device 
in the first embodiment is modified in such a manner that, as 
shown in Fig. 5, the width of the P-type ring region 8 is increased 
from a P-type anode region 2 side toward an N-type stopper region 
6 side, thereby reducing the diffused layer resistance . In other 
words, the relationship of the width Wl < width W2 < width W3 
< width W4 holds in Fig. 5. This designmakesitpossible to equalize 
the potential differences between adjacent circumferential 
portions of the P-type ring region 8 , so that uniform distribution 
of the electric field is obtainable from an inner side to an outer 
side. 
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[Fourth Embodiment] 

Fig . 6 is a cross sectional diagram of a semiconductor device 
according to a fourth embodiment and is a diagram corresponding 
to Fig. 2 in the first embodiment. Note that this embodiment is 
applicable to any one of the above-described first to third 
embodiments and later-described fifth and sixth embodiments. 

As shown in Fig. 6, in the semiconductor device according 
35 to this embodiment, a sense electrode 11 is connected to one 
circumferential portion of a P-type ring region 8 positioned on 
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an inner side, the sense electrode 11 being usable as a protective 
function in case an excessive vol tage is applied . In this structure , 
the potential of the P-type ring region 8 is fixed and utilized 
is such a function that a high voltage applied to the N-type stopper 
5 region 6 is divided among inner circumferential portions of the 
P-type ring region 8. The sense electrode 11 is thus disposed, 
so that a divided voltage applied between the N-type stopper region 
6 and a P-type anode region 2 can be easily monitored with a 
low-voltage output. 

10 For example, this sense electrode 11 is disposed at such 

a position of the P-type ring region 8 that the distance thereof 
to the P-type anode region 2 and the distance thereof to the N-type 
stopper region 6 are in the ratio of 1 : 1000 , and when a voltage 
of 1 V is detected from this sense electrode 11 , it can be deduced 

15 that 1000 V is applied to the N-type stopper region 6. 



[Fifth Embodiment] 

Fig . 7 is a plane diagram of a semiconductor device according 
to a fifth embodiment and is a diagram corresponding to Fig. 1 
2 0 in the first embodiment. Fig. 8 is a fragmentary cross sectional 
diagram taken along the C-C line in Fig. 7, and Fig. 9 is a 
fragmentary cross sectional diagram taken along the D-D' line 
in Fig. 7. Incidentally, Fig. 7 to Fig. 9 show an example where 
this embodiment is applied to the first embodiment, but this 
25 embodiment is also applicable to the other embodiments. 

As shown in Fig. 7, in the semiconductor device according 
to this embodiment, an inner most circumferential portion of the 
P-type ring region 8 is formed as one circular ring to constitute 
a circular ring portion 20. Specifically, the circular ring 
30 portion 20 is formed to surround a P-type base region 2 , and this 
circular ring portion 20 is connected to the P-type base region 
2 via four connecting portions 21 . 

To be in more detail, electrodes 22 are formed on four 
upper-side positions on the circular ring portion 20, as shown 
35 in Fig. 8 and Fig. 9. The electrodes 22 are connected to an anode 
electrode 4 via connecting electrodes 23, and as a result, the 



circular ring portion 20 is electrically connected to the P-type 
base region 2. As is understood from the above explanation, the 
electrodes 22 and the connecting electrodes 23 constitute 
connecting portions 21 in this embodiment. Further, the circular 
ring portion 20 is partly connected to the P-type ring region 
8 as shown in Fig. 7. 

Note that, in this embodiment, for example, the anode 
electrode 4 and the electrodes 22 are made of the same aluminum. 
An insulation film 10 is formed of a silicon oxide film, and the 
connecting electrodes 23 are made of polysilicon doped with 
impurities . 

Such a structure that the circular ringportion 20 is disposed 
in the inner most circumferential portion makes it possible to 
relax the electric field in the inner most circumferential portion 
where the electric field becomes the highest. 

[Sixth Embodiment] 

Fig . 10 is aplanediagramof a semi conductor device according 
to a sixth embodiment and is a diagram corresponding to Fig. 1 
in the first embodiment. Fig. 10 shows an example where this 
embodiment is applied to the first embodiment, but this embodiment 
is also applicable to the other embodiments. 

As is seen from Fig. 10, in the semiconductor device of 
this embodiment, the above-described first embodiment is so 
modified that the length of straight portions of a P-type ring 
region 8 are made equal to one another irrespective of whether 
they are on an inner circumferential side or an outer 
circumferential side. In the example shown in Fig. 10, all of 
the straight portions of the P-type ring region 8 have the same 
length of LI. At corner portions, metal regions 30 are formed 
on the P-type ring region 8 as corner auxiliary members which 
are lower in resistance than the P-type ring region 8, thereby 
realizing the reduction in resistance. 

In this structure, a current at the corner portions flows 
through the metal regions 30 which are far lower in resistance 
than the P-type ring region 8. Consequently, resistances on the 
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inner circumferential side and on the outer circumferential side 
can be made equal when a current flows from an N-type stopper 
region 6 toward a base region 2, which can facilitate designing. 
In other words, resistance values are made equal due to the equal 
length of the straight portions of the P-type ring region 8 
irrespective of whether they are on the inner circumferential 
side or the outer circumferential side, and the low- resistance 
metal regions 30 are di sposed at the corner portions , and therefore , 
the resistance is substantially negligible. 
D Incidentally, in all of the above-described first to sixth 

embodiments , square semiconductor devices are used for explaining 
the present invention , but the present invention is also applicable 
to semiconductor devices in the shape of rectangle, circle, and 
so on. Moreover , in the drawings which are used, the P-type ring 
5 region 8 is wound clockwise about fourfold, but the winding 
direction may be reversed and the number of winding times may 
be any as long as it is once or more . Other various modifications 
may be made to embody the present invention without departing 
from the spirit of the present invention. 

0 

[Seventh Embodiment] 

Fig. 13 is a cross sectional diagram of a semiconductor 
device according to a seventh embodiment. As shown in Fig. 13, 
this semiconductor device includes an N" base region 201, an N 4 " 

»5 cathode region 202, a P anode region 203, a guard ring 204, 
conductive field plates 205, a channel stopper 206, a cathode 
electrode 207 , and an anode electrode 208 . Further , an insulation 
film 211 is formed on a termination region 210 surrounding the 
guard ring 204, and an electrode 209 is formed on the channel 

30 stopper 206. In addition, electrodes 213 are electrically 
connected to the field plates 205 . The electrodes 213 constitute 
auxiliary electrodes in this embodiment. 

When a voltage is applied between the anode electrode 208 
and the cathode electrode 207 so as to reverse-bias a pn-junction 

35 formed by the N" base region 201 and the P anode region 203, a 
depletion region expands from the guard ring 204, but when the 
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depletion region reaches right under the field plate 205a, a 
capacitance formed by the electrode 213a, the insulation film 
211, and the N" base region 201 is charged, so that potentials 
of the electrode 213a and the field plate 205a are fixed. 

Since the field plate 205a itself is formed on the insulation 
film 211, the electric field of a portion in the N~ base region 
201 where the electrodes 213 are not formed is relaxed. Thus, 
the potentials of the electrodes 213 and the field plates 205 
are subsequently fixed to relax the electric field under the field 
plates 205, so that the electric field strength on an edge portion 
of the guard ring 204 is relaxed to realize a high breakdown voltage . 

Further , the field plates 205 are divided to the field plates 
205a, 205b, 205c, and consequently, even the generation of fixed 
charges on an interface between the insulation film 211 and the 
N" base region 201 or even the influence of charges outside the 
semiconductor device only causes a shift of a place where the 
electric field strength is the strongest but does not cause a 
change in the maximum value of the electric field strength, so 
that reliability is improved. 

Note that the number of the field plates 205 and the 
electrodes 213 is determined by a breakdown voltage of the 
semiconductor device, and it is necessary to increase the number 
of the field plates 205 and the electrodes 213 as the breakdown 
voltage becomes higher. Further, the field plates 205 are 
25 generally covered with an insulation film, though not shown, so 
as to prevent them from being inf luencedby an external environment. 
This insulation film is formed of glass such as a silicon oxide 
film or a silicon nitride film or of an insulation film such as 
various kinds of ceramic or polyimide. 
30 a plane diagram of the semiconductor device according to 

this embodiment is shown in Fig. 14 . Specifically, the f ieldplates 
205a, 205b, 205c are formed in a circular ring shape around the 
anode electrode 208 to surround this anode electrode 208. 

An electric field right under the insulation film 11 when 
35 a pn- junction formed by the N" base region 201 and the P anode 
region 203 is reverse-biased is shown in Fig. 15. Unlike the 
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structure shown in Fig. 22, this structure has no portion which 
is not depleted like the field limiting rings 105, and has no 
portion where the electric field becomes zero , so that the maximum 
electric field becomes lower than that of the semiconductor device 
shown in Fig. 21. Further, a termination length L necessary to 
attain a predetermined breakdown voltage can be made shorter. 

Since the electrodes 213 are formed in the insulation film 
211, there is a possibility that the electrodes 213 may undergo 
a high- temperature heat treatment at 900 °C or higher after being 
j formed. Therefore, the electrodes 213 are made of polysilicon 
orhigh-melting-pointmetal such as Mo, Ta, or W which can withstand 
thehigh-temperatureheat treatment. It is also possible to reduce 
the width of the electrodes 213 (1 pm to 5 (Jm) by forming a thickness 
tl of the electrodes 213 to be about 100 nm to 500 nm. This can 
5 improve termination efficiency since the length of portions with 
a low electric field is smaller as the width of the potential 
fixed portions 213 of the field plates 205 is smaller. 

Note that the distance between the electrodes 213 becomes 
larger from a guard ring 204 side toward a channel stopper 206 
o side . 

Further, such a structure may be adopted, though not shown , 
that the field plate 205a which is the closest to the anode electrode 
208 is connected to the anode electrode 208 . This structure makes 
it possible to effectively relax the electric field on a junction 
25 portion, where the electric field tends to be high, between the 
guard ring 204 and the N~ base region 201. 

[Eighth Embodiment] 

Fig. 16 is a diagram showing a semiconductor device (diode) 
30 according to an eighth embodiment. As shown in Fig. 16, this 
semiconductor device includes an N~ base region 201 , an N* cathode 
region 202, a P anode region 203, a guard ring 204, a channel 
stopper 206, a cathode electrode 207, and an anode electrode 208. 
An insulation film 211 is further formed on a termination region 
35 210 surrounding the guard ring 204 . An electrode 209 is further 
formed on the channel stopper 206. In addition, P" ring regions 
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214 (214a, 214b, 214c) are formed on a major surface side of the 
N" base region 201 between the guard ring 204 and the channel stopper 
206. These P" ring regions 214a, 214b, 2 14 care formed in a circular 
ring shape to surround the P anode region 203. 

When a voltage is applied between the anode electrode 208 
and the cathode electrode 207 so as to reverse-bias a pn- junction 
formed by the N~ base region 201 and the P anode region 203, a 
depletion region expands from the guard ring 204. When the 
depletion region reaches the P" ring region 214a, the P" ring region 
214a starts to be depleted. At this time, plus charges are supplied 
to the N" base region 201 from the depleted P" ring region 214a, 
so that the electric field near the P" ring region 214a is relaxed. 
Thus, the P" ring regions 214 are entirely depleted in sequence 
to relax the electric field near the P" ring regions 214 , so that 
the electric field strength on an edge portion of the guard ring 
204 is relaxed, which realizes a high breakdown voltage. Note 
that the number of the P" ring regions 214 is determined by the 
breakdown voltage of the semiconductor device and it is necessary 
to increase the number of the P" ring regions 214 as the breakdown 
voltage becomes higher. 

The electric field right under the insulation film 211 when 
the pn- junction formed by the N~ base region 201 and the P anode 
region 203 is reverse-biased is shown in Fig. 17. Unlike the 
structure in Fig. 22, this structure has no portion which is not 
depleted like the field limiting rings 105 , and has no portion 
where the electric field becomes zero, so that the maximum electric 
field is lower than that of the semiconductor device in Fig . 21 . 
Further , a termination length L required to attain a predetermined 
breakdown voltage can be made shorter. 

In addition, the P" ring regions 214 are divided into the 
P' ring regions 214a, 214b, 214c, and consequently, even the 
generation of fixed charges on an interface between the insulation 
film 211 and the N" base region 201 or even the influence by charges 
outside the semiconductor device only causes a shift of a place 
where the electric field strength is the strongest but does not 
cause any change in themaximum value of the electric field strength , 



so that reliability is improved. 

Note that the distance between the P" ring regions 214 becomes 
larger from a guard ring 204 side toward a channel stopper 206 
side. 

Further, as shown in Fig- 18, the P" ring region 214a which 
is the closest to the anode electrode 208 may be connected to 
the anode electrode 208. In other words, the P" ring region 214a 
in an inner most circumferential portion may be electrically 
connected to the anode region 203 . This structuremakes it possible 
to effectively relax the electric field in a junction portion, 
where the electric field tends to become high, between the guard 
ring 204 and the N" base region 201. 

The study of the conditions for entirely depleting the P" 
ring regions 214 in this embodiment has led to the following 
expression . 

xl.5 >Qp ••• (2) 

q Wp 

Here, 8 represents the permittivity of a semiconductor, 
which is 1.04 x 10" 14 F/cm for silicon. Ecrit represents the 
dielectric breakdown electric field of a semiconductor, which 
is about 2 x 10 5 V/cm for silicon, q represents the elementary 
charge . L represents the termination length , which is , for example , 
1200 |jm. Wp represents the thickness of the N" base region 201, 
which is, for exanple, 450 pm. Qp represents the impurity amount 
of the P" ring regions 214. Moreover, it is desirable that the 
depth of the P" ring regions 214 is 5 [tin or larger. 

[Ninth Embodiment] 

Fig. 19 is a diagram showing a semiconductor device (diode) 
according to a ninth embodiment. As shown in Fig. 19, this 
semiconductor device includes an N~ base region 201 , an N* cathode 
region 202, a P anode region 203, a guard ring 204, field plates 
205, a channel stopper 206, a cathode electrode 207, and an anode 
electrode 208. Further, an insulation film 211 is formed on a 
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termination region 210 surrounding the guard ring 104, and an 
electrode 209 is formed on the channel stopper 206. Electrodes 

2 13 are connected to the field plates 205 . Further , P" ring regions 

214 (214a, 214b, 214c) are formed on a major surface side of the 
N" base region 201 between the guard ring 204 and the channel stopper 
206. These P" ring regions 214a, 214b, 214careformedinacircular 
ring shape to surround the P anode region 203. 

As is seen from this structure, this eihbc)diment is the 
combination of the seventh embodiment and the eighth embodiment. 
Such a structuremakes itpossible to further promote the relaxation 
of the electric field and improve reliability. 

Incidentally, the field plates 205 are formed above the 
P" ring regions 214 in Fig. 19, but the arrangement of the field 
plates 205 and the P" ring regions 214 is not limited to this form, 
and various modifications may be made so as to relax the electric 
field. In addition, the P" ring region 214a which is the closest 
to the anode electrode 208 may be connected to the anode electrode 
208 as shown in Fig. 20. In other words, the P - ring region 214a 
in an inner most circumferential portion may be electrically 
connected to the anode region 203. Such a structure makes it 
possible to effectively relax the electric field in a junction 
portion, where the electric field tends to become high, between 
the guard ring 204 and the N" base region 201. 

Incidentally, the insulation film 211 is formed of an 
insulative film in the above-described seventh to ninth 
embodiments, but it may be formed of a semi -insulation film such 
as SIPOS. This means that a surface protective film formed on 
the major surface of the N" base region 201 may be formed of an 
insulation film or may be formed of a semi -insulation film. 

In the above-described embodiments, diodes are explained, 
but the present invention is applicable to various kinds of planar 
semiconductor devices such as bipolar transistors , MOS transistors 
thyristors, and IGBTs including a similar pn- junction structure. 

In other respects, the present invention is not limited 
to the above-described embodiments, and various modifications 
may be made without departing from the spirit of the present 
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invention when it is embodied. Further, inventions of various 
stages are included in the above-described embodiments, and 
various inventions are possible to be extracted by appropriate 
combinations of a plurality of constituent features which are 
5 disclosed. 



